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Abstract-The hooded slipper lobster (Scyllarides deceptor) and Brazilian slipper lobster (S. brasiliensis) are commonly caught by fishing fleets (with double-trawling and longline pots and traps) off the southeastern coast of Brazil. Their reproductive biology is poorly known and research on these 2 species would benefit efforts in resource management. This study characterized the population structure of these exploited species on the basis of sampling from May 2006 to April 2007 off the coast of Santos, Brazil. Data for the absolute fecundity, size at maturity in females, reproductive period, and morphometric relationships of the dominant species, the hooded slipper lobster, are presented. Significant differential growth was not observed between juveniles and adults of each sex, although there was a small investment of energy in the width and length of the abdomen in females and in the carapace length for males in larger animals (>25 cm in total length [TL] ). Ovigerous females were caught more frequently in shallow waters in August-September than in January-February, indicating a possible migration to spawn. Fecundity ranged from 55,800 to 184,200 eggs (mean fecundity: 115,000 [standard deviation 43, 938] eggs). The spawning period occurred twice a year, with a higher relative frequency between July and October, and the length at 50% maturity for females was ~25 cm TL; both these findings should be considered by resource managers. Proper management of catches of slipper lobsters is important because of the high economic value of this fishery.
Few species-specific fisheries worldwide exist for the slipper lobsters (Scyllaridae), in contrast to those for the spiny lobsters (Palinuridae) and clawed lobsters (Nephropidae), although some slipper lobsters have significant commercial value (Spanier and Duarte et al., 2010) . According to Holthuis (1991) , of the 85 species of lobsters recorded (see Lavalli and Spanier, 2007) , 35.3% are of commercial interest, and of these interest has increased in species of the genus Scyllarides, such as the Brazilian slipper lobster (S. brasiliensis), Mediterranean slipper lobster (S. latus), and blunt slipper lobster (S. squammosus). In addition, other species of Scyllaridae have commercial value, including 4 species of the genus Ibacus, the velvet fan lobster (I. altricrenatus), Japanese fan lobster (I. ciliatus), smooth fan lobster, (I. novemdentatus), and butterfly fan lobster (I. peronii), as well as the sculptured mitten lobster (Parribacus antarcticus) and flathead lobster (Thenus orientalis).
The reproductive biology of members of the Scyllaridae has been studied for the genera Thenus (Kagwade and Kabli, 1996; Courtney et al., 2001) and Ibacus Haddy et al., 2005) with emphasis on the genus Scyllarides (Hardwick and Cline, 1990; Spanier and Lavalli, 1998; DeMartini and Williams, 2001; DeMartini et al., 2005; Hearn and Toral-Granda, 2007; Oliveira et al., 2008) . According to the above mentioned authors, the sizes of females at maturity are smaller in species of the genera Ibacus (butterfly fan lobster) and Thenus (flathead lobster and T. indicus) than in species of the genus Scyllarides (blunt slipper lobster, Galapagos slipper lobster [S. astori] , and hooded slipper lobster [S. deceptor] ). Moreover, species of Iba-cus and Thenus show lower fecundity than species of Scyllarides.
A new, species-specific study for the hooded slipper lobster is needed to gain a better understanding of biological patterns in this species. The variability in the reproductive biology of species of Scyllarides has been shown to be relatively high. For example, the hooded slipper lobster has 2 spawning seasons per year (Oliveira et al., 2008 )-a difference from the Galapagos slipper lobster (Hearn and Toral-Granda, 2007 )-and a mean tail width at maturity of 62.6 mm (Oliveira et al., 2008) , compared with a mean tail width of 47.6 mm for the blunt slipper lobster (DeMartini et al., 2005) . Studies of Scyllarides species are needed to estimate size at sexual maturity, fecundity, and reproductive period and to determine locations that are favorable for spawning in order to better understand the life cycle of these species and, therefore, to improve fisheries management toward a more sustainable resource (Sparre and Venema, 1998; Chubb, 2000) .
Chace (1967) reported that a population of the red slipper lobster (S. herklotsii) supported an intense fishing effort at Saint Helena (South Atlantic), and DeMartini and Williams (2001) noted that the blunt slipper lobster accounted for 64% of the lobster catch at Maro Reef (Northwestern Hawaiian Islands). Species of Scyllaridae also are targeted by other fisheries (e.g., in the Mediterranean Sea, Australia, the Galapagos Islands, India, and Australia); however, the numbers of fisheries landings from lobster catches have declined rapidly worldwide, and fisheries failures have occurred or are likely to occur in the near future Spanier and Lavalli, 2007) . Studies show that generally in several places in the world most fisheries that have targeted slipper lobsters lacked effective regulations for the conservation of stocks and the economic maintenance of local fisheries . A similar situation exists in Brazil, where there are no regulations that govern the extraction of these resources and where there is little specific knowledge about the basic biology of these species.
In Brazil, there are 3 genera of Scyllaridae: Scyllarus, Parribacus, and Scyllarides. Two species of Scyllarides occupy the south and southeast: 1) the Brazilian slipper lobster, distributed at depths of 20-130 m from Antilles to Brazil (Maranhão to São Paulo), and 2) the hooded slipper lobster, distributed at depths of 6-420 m from Argentina to Brazil (Rio de Janeiro to Rio Grande do Sul) (Holthuis, 1985 (Holthuis, , 1991 Melo, 1999; Oliveira et al., 2008; Duarte et al., 2010) . Brazilian slipper lobsters are caught by 2 kinds of commercial fishing fleets in southeastern Brazil: 1) medium-size double trawlers that target mostly shrimp and 2) potand-trap fleets that target the common octopus (Octopus vulgaris). The lobsters caught by these fleets are traded intact (whole). Species of Scyllarides are not the main target of the majority of the fisheries off southeastern Brazil. In the same region, Duarte et al. (2010) have shown a significant reduction in the abundance of the hooded slipper lobster despite a relatively low fishing effort. This reduction can be explained by its slow rate of population growth, high total mortality (Duarte et al., 2011) , and late maturity (Oliveira et al., 2008) compared with other species of the same family. Also, traders have noted a smaller size of individuals in the catch in recent years (Duarte et al., 2011) .
Brazil currently has no fishery management legislation that regulates the extraction of slipper lobsters in its waters, and data on the reproductive biology of these species of Scyllaridae would provide important life-cycle information that could be used for decisionmaking. Therefore, the aims of this study were to describe the relative growth (biometrics) and reproductive biology (maturity, reproductive period, fecundity, and spawning sites) of the hooded slipper lobster. We also sought to identify different population strata by sex, size, fishing area, and coloration of the carapace and to contribute the resulting data to inform future management recommendations that would promote sustainability and conservation of this species in commercial fisheries.
Materials and methods

Data collection on land
Weekly monitoring (through visits to landing sites) and 2 or 3 sampling efforts during the year were conducted for this study from May 2006 to April 2007 at all the industrial landing sites in the State of São Paulo, Brazil (at the sites of these 7 companies: 1) Cooperativa Mista de Pesca NIPO Brasileira, 2) Aliança, 3) Franzese, 4) Itafish, 5) Balãn, 6) TPPS-Santos, and 7) Araripe 1 ). About 70% of all the fishing landings that occurred in this study period were monitored, and, of the 100 fishing landings that were monitored, 72 landings were from medium-size double trawlers and 28 landings were from the pot-and-trap fleet (Instituto de Pesca, Governo do Estado de São Paulo, ProPesq, http://www.pesca.sp.gov. br/estatistica.php). As part of this monitoring, the total catch of hooded slipper lobster and information about the fishing areas (depth, latitude, and substrate type) were recorded.
The double trawler vessels have 2 identical semiconical nets. The vertical opening of each net is created by a flotation device from a headrope 20.0 m in length, each mouth opening is 15.0 m wide by 1.5 m high, and trawl doors (weighing 60-80 kg) keep the net open. The majority of these vessels preserve their catch on board with ice (see illustrations in Duarte et al., 2010) .
Fishing vessels that target common octopus have refrigerators for storage of their catch (Castanhari and Tomás, 2012) . Each of these vessels can include up to 10 longlines with 2500 pots and 150 interspersed traps per longline, providing a total of 25,000 pots and 1500 traps for an individual fishery. The traps are baited (with remains of fishes) to catch octopuses, fishes, and slipper lobsters, and the pots are not baited, (Duarte et al., 2010; Castanhari and Tomás, 2012) . Pots have a minimum internal diameter of 15 cm and are used as a shelter by common octopus. The number of pots cannot exceed 20,000 units per boat, and baited pots are not permitted with this type of fishing (SEAP, 2005) (see trap differences in Duarte et al., 2010) . Lobsters are not caught in these pots.
Slipper lobster species were identified in this study by examination the morphological structure of the posterior margin of the 2nd abdominal pleura (Melo, 1999) , which is a large concave spine in the hooded slipper lobster and straight or slightly convex in the Brazilian slipper lobster. Sex of lobsters was determined by the location of the gonopores on the base of the 3rd or 5th pair of pereiopods in males and females, respectively (Abele, 1982; Hardwick and Cline, 1990) .
Sampling efforts conducted at landing sites during the study period resulted in the collection of 1032 specimens, which were measured for biometric relationships and size structure with a tape measure attached to a wooden board for total length (TL), with a caliper for other linear measurements, and with a manual balance for the total weight (Abele, 1982) . With a tape measure, TL was measured in centimeters from the distal tip of the antenna to the posterior end of the telson. The following measurements were obtained in millimeters with a caliper: carapace length (CL) between the distal extremity of the rostrum to the posterior margin of the carapace; carapace width (CW) between the sides of the carapace at its midpoint; abdomen width (AW) between the sides of the 1st and 2nd abdominal somites; abdomen length (LA) between the posterior margin of the carapace and the posterior end of the telson; and antenna length (AL) from the base to the distal tip. The total weight (Wz) was measured in grams by weighing the intact, fresh animal.
The carapace color of each specimen was recorded upon landing and was classified according to 7 patterns ( Fig. 1) , 3 of which were established by the predominant color (>75%): red (R), light (L), and dark (D). The remaining 4 patterns were classified by their color tone. For 3 of the remaining patterns, ~50% of a carapace had to have an intermediate (I), light red (LR), or dark red (DR) tone; for the fourth pattern, ~33.3% of a carapace had to have a mixed (M) tone.
All the ovigerous females (100%, n=22) were recorded and collected during the sampling efforts from May 2006 to April 2007. During the study period, this subsample of 22 female specimens, with lengths that ranged from 22.5 to 32.0 cm TL, were collected from different boats, and their stage of embryonic development was categorized according to the classification of DeMartini and Williams (2001) . The animals were placed in individual plastic bags and kept in crushed ice before laboratory analysis.
Laboratory processing
Females also were collected at the time of landing and were later dissected for macroscopic examination of their gonads, which were categorized according to the classification proposed by and Haddy et al. (2005) . This classification was established for lobster species from the genus Ibacus and is also valid for the species in our study because of identical macroscopic characteristics. Five maturation stages were established: the first 2 stages for juvenile individuals and stages 3-5 for mature individuals. At stage 1, the ovary is small, narrow, translucent to white, and has no visible oocytes. A female at stage 2 has a small and cream to yellow ovary with no visible oocytes. At stage 3, the ovary is developed, has a small volume and is orange, and has visible oocytes at the ovary wall. At stage 4, the ovary is largely inflated, fills the whole carapace cavity, and is bright orange, with oocytes clearly visible along the ovary wall. Finally, at stage 5, the ovary is developed but has a flaccid appearance and is cream to yellow; there may still be some oocytes on the ovary wall-a specific peculiarity of this stage.
Individual fecundity was quantified volumetrically (Vazzoler, 1996) by using females with eggs in the early stages of embryonic development (orange in color). This method avoided underestimation caused with females at later stages, when there was the possibility of loss of eggs with catching and handling, or early larval hatching (DeMartini and Williams, 2001 ). The laboratory protocols were the same as those of Vazzoler (1996) ; eggs were removed from pleopods by dissociation in 10% NaClO, and were then vigorous stirred. The oocytes from each egg mass were transferred to a 1-L beaker and homogenized with a glass rod, and seven 5-mL subsamples were removed with a pipette. The oocytes were placed in gridded petri dishes for counting under a stereomicroscope (20×). We estimated individual fecundity (F) according to the method proposed by DeMartini and Williams (2001) , counting the number of eggs in subsamples, discarding the extreme values (minimum and maximum), and calculating the mean individual fecundity of the 5 remaining subsamples (fs) with the following equation:
where tv = total volume of the egg mass with a dilution of 1 L; and dv = the dilution volume of the egg subsample or 5 mL).
The relationship of TL to the number of eggs (NE) was calculated with the following equation:
where a = the intercept; and b = the slope of linear regression.
Data analysis
The statistical analyses for this study were performed with R software, vers. 2.13.0 (R Development Core Team, 2011) (Ihaka and Gentleman, 1996) , and the fisheries were mapped with the Surfer contouring and 3-D mapping package, vers. 8 (Golden Software, Golden, CO). We adopted the TL as the size indicator for the hooded slipper lobster, as was done in previous studies of lobsters of the genus Scyllarides (Hearn, 2006; Pessani and Mura, 2007) . The relative growth of each sex was assessed by a regression analysis of the empirical points for morphometric relationships given by the power function y=ax b , and then a t-test was used to check for possible differences in allometry (Huxley, 1950) . The following morphometric relationships were evaluated: AL×TL, CL×TL, LA×TL, AW×TL, CW×TL and W×TL (Abele, 1982) . These relationships indicated the possible differences between the linear regressions obtained for each sex by comparisons with an analysis of covariance of constants a and b in the linear regressions of the biometric relationships (Zar, 1999; Faraway, 2002) .
To represent the allometric relationships from the power function in a linear form, the dependent (y-axis) and independent (x-axis) variables were transformed by natural logarithms (ln). This transformation, lny = lna + (b× lnx),
facilitates the use of a least squares fitting technique with linear regression:
This mathematical procedure transforms the curvilinear relationship into a linear equation or equations and enables graphic comparisons of linear growth phases for the evaluation of biometric distinctions between developmental stages (juvenile and adult). Therefore, the linearized data (lny=lna+[b×lnx]) for each relationship were assessed with the segmented library (Muggeo, 2008) in R (vers. 2.13.0) to identify significantly different growth rates during ontogeny, according to procedures used by Pardal-Souza and Pinheiro (2012) . This method of regression analysis seeks to partition the independent variable into intervals at break points, separating line segments that are fitted to each interval. The mean length at which 50% of females reached maturity (L 50 ) was estimated, under sigmoid adjustment, from the proportion of individuals with mature gonads (females in stages 3-5) in size classes of 1 cm TL (Hovgard and Lassen, 2000):
where P = the probability that a female is mature; r = the slope; L 50 = the mean TL where the probability of mature females is 50%; and L = the mean TL.
Data on the carapace color were analyzed in relation to size class, sex, the area of capture, and fishing gear. Five major fishing areas were established by mapping the fishing grounds of 2 types of vessels with different storage types (double trawlers that store their catch on ice and vessels that use pots and traps and store catch in refrigerators) on the basis of their similar latitudes and depths of fishing grounds for lobster species. Size composition and sex also were evaluated by fishing area, season, and month of capture. Size distribution was compared between sexes by using a t-test (Zar, 1999 ). An analysis of variance was used, separately for each variable, to evaluate the occurrence of different color patterns by sex (exclusivity or predominant patterns), fleet (differences in storage type), capture period (month and season), and fishing area, as well as to the Brazilian slipper lobster were captured in April 2007 from a single double trawler landing from a depth between 45 and 130 m farther north in the study area (from 23°30′S, 43°00′W to 24°19′S, 45°09′W).
Relative growth
All the morphometric relations showed a coefficient of determination (r 2 ) with values between 0.85 and 0.97 (Table 1 ). The relation AL×TL (females), as well as the relations of CL×TL, CW×TL, and W×TL (both sexes), showed a negative allometry of the dependent variables in relation to body size (TL) of hooded slipper lobster. The allometric growth was positive only for the relation LA×TL (females) (b>1), indicating a higher growth rate of the dependent variable in relation to the body size of this sex. For other cases, the growth was isometric (b=1), indicating no change in growth rate between the variables during ontogeny. However, no inflection (or break point) was observed during the segmentation analysis of the regression lines, indicating no significant morphometric differences between juveniles and adults for both sexes of the hooded slipper lobster.
In the analysis of covariance (Table 1) , the linear growth phases of juveniles and adults were observed to be similar between the sexes in the CW×TL linear equations and could be grouped for the total number of individuals of both sexes combined. This phenomenon was not observed for the other relationships (AL×TL, evaluate the size of the specimens by sex. Interactions between variables were not evaluated. In all cases, the means were compared by a posteriori multiple comparison with Tukey's honestly significant difference test (Zar, 1999; Faraway, 2002) . The chi-square (χ²) test was used to evaluate whether the sex ratio was different from 1:1 in samples with a sample size (n) ≥10 individuals (Zar, 1999) , depending on the month, season, size class (TL, measured in centimeters), fishing gear, and fishing area. During the study period, 1029 specimens were counted, with most obtained by the pot-and-trap fleet (65.2%) rather than by double trawlers (34.8%). The hooded slipper lobster was abundant during all months of the study period. A small number of specimens of (Fig. 2) . Only 22 ovigerous females were recorded in landings between May 2006 and April 2007 (pots and traps, n=13; double trawlers, n=9), corresponding to 11.2% of the 170 adult females caught and with sizes ranging from 22.5 to 32.0 cm TL. The spawning period occurred twice a year (Fig.  3) , and a higher relative frequency occurred between July and October (60.5%) and a lower relative frequency, in January and February (7.2%).
Results
Distributions of fishing cruises and specimens caught
Mean individual fecundities for 8 females (22.1-32.6 cm TL) ranged from 55,800 to 184,200 eggs. The linear relationship of number of eggs (NE) to TL (NE×TL) was NE = (11,268×TL)-183,361 (n=8, r 2 =0.82). (6) Size structure and sex ratio [SD 4.9] in November). No significant seasonal differences were observed in the size composition for each sex (P=0.14) or in the sex ratio of hooded slipper lobster (P>0.05). In general, the sex ratio of hooded slipper lobster (Table  3) did not differ significantly from a proportion of 1:1 (P>0.05), regardless of the fishing gear used (P=0.85). However, males predominated in smaller length classes (11.0-24.0 cm TL) and females in larger sizes (>24 cm TL). The t-test confirmed that females tended to be larger than males (males: 21.9 cm TL [SD 3.0]; females: 23.9 cm TL [SD 3.7] ; P<0.001).
The spatial distribution of the fishing areas for both fleets (areas 1-5; Fig. 4 ; Table 2) showed that the double-trawler fleet that caught Brazilian slipper lobster operated farther south (between the latitudes 25°00S and 26°24S) than the pot-and-trap fleet, at depths of 40-165 m, and particularly in areas 1 and 4. On the other hand, the pot-and-trap fleet concentrated fishing efforts in shallower waters (at depths of 43-100 m), between the latitudes 24°00S and 25°00S, and operated preferentially in area 2.
The males from area 5 were significantly smaller than those caught in areas 2 and 4 (P<0.01) (Fig. 5) . Females from area 5 also were smaller than females caught in areas 3 and 4 (P<0.05). The proportion of immature females among the adults caught in the trawl fleet ranged from 55% (area 4) to 90% (area 3), whereas, in the pot-and-trap fleet, the percentages of immature females were between 56.5% (area 2) and 75.9% (area 3).
In all fishing areas, males caught by double trawlers had a lower median size (20.7 cm TL) than males captured in pots or traps, and smaller individuals were observed in area 3. Females were more abundant in area 1 (χ 2 : P=0.036), and males were more abundant in area 2 (χ 2 : P=0.01).
Carapace color was used to classify 871 specimens of the hooded slipper lobster. The 7 categories evaluated were ranked in descending order (the absolute frequency for each category is shown in parentheses): D (259) (Fig. 6) . In addition, all females with this carapace color (n=8, 27.6% of immature females) were identified by dissection as juveniles, and the other color patterns were found on both juveniles and adults. Therefore, an association between R pattern and a relatively narrow range of TLs was verified for both sexes. This relationship was not affected by the sex of the lobster, fleet composition (despite differences in storage of catch), month of capture, or fishing area.
Discussion
For the hooded slipper lobster, the r 2 values for morphometric relationships showed an excellent linear correlation. Females tended to show an increase in LA, therefore, enhancing their capacity for oviposition and for hatching a greater number of eggs in the bristles of their pleopods (individual fecundity) Demartini and Williams, 2001; Oliveira et al., 2008) . Although the average female is larger than the average male, it is possible that an increase in body size (TL) in males facilitates the selection, grasping, and manipulation of females at the time of copulation, as has been observed in lobsters of the genus Panulirus . Therefore, in general, significant differential growth was not observed between the juveniles and adults of each sex, nor was there obvious sexual dimorphism, although there was a small investment of energy in the width and length of the abdomen in females and in the carapace length for males in larger animals (>25 cm TL).
Various biometric equations presented high values of r 2 and thereby reinforced their suitability for use in Relative frequency (%) future interconversion between size variables, particularly measures of the abdomen (LA and AW) and individual body size (TL or CL). Currently, in Brazil, some boats have begun landing only the abdomen of lobsters ("headless" lobsters)-a trend that will hamper the use of CL for monitoring this resource in the future. Total length is measured routinely and is easier for fishermen to understand compared with the other measurements of size used in this study (Sparre and Venema, 1998; Chubb, 2000) .
Values of L 50 were smaller in species of the genera Ibacus (e.g., butterfly fan lobster) and Thenus (e.g., flathead lobster and T. indicus), with a species mean of 19.1 cm TL (SD 6.1) Courtney et al., 2001 ), compared with L 50 values for species of the genus Scyllarides (e.g., blunt slipper lobster, Galapagos slipper lobster, and hooded slipper lobster), with a species mean of 25.0 cm TL (SD 5.6) (Demartini et al., 2005; Hearn and Toral-Granda, 2007; Oliveira et al., 2008) . Oliveira et al. (2008) estimated that the L 50 for female hooded slipper lobster was 25.1 cm TL-a finding that is very similar to a result of our study (L 50 =25.3 cm TL). Oliveira et al. (2008) noted that copulation in the hooded slipper lobster occurs immediately after female molting-an aspect of the reproductive biology of this species that could not be assessed in this study because of the absence of molting or recently molted specimens. The absence of molting specimens in landings is most likely related to their reduced movement and the absence of feeding behavior at this stage . These behaviors would preclude a molting lobster from entering a trap; therefore, fishery samples would not provide accurate copulation data.
This bias was not present in a study by Oliveira et al. (2008) , who used data from monthly lobster population surveys conducted during diving expeditions at Santa Catarina Island (in southern Brazil), in June at the beginning of the molting and copulation season. Spanier et al. (1988) observed that the Mediterranean slipper lobster begins these biological processes during the same month in the southeastern Mediterranean, and Lavalli and Spanier (2007) mentioned the rapid calcification of the exoskeleton in species of this family, with the ovigerous condition occurring shortly thereafter. These observations agree with the finding from our study that the relative proportion of ovigerous females of the hooded slipper lobster is greater during AugustSeptember than in other periods and with the results of Oliveira et al. (2008) . Another period in our study with a large proportion of ovigerous females occurred during January-February, indicating that there are 2 spawning seasons for the hooded slipper lobster. Lavalli and Spanier (2007) previously reported this spawning period for other Scyllarides species. Larvae released in September would experience a period of high primary production in the environment during October-March, when nutrients from the South Atlantic Central Water are present in shallower water (Rossi-Wongtschowski and Madureira, 2006) . This reproductive strategy increases the probability of larval survival because complete larval development for Scyllarides spp. requires approximately 8 months (Booth et al., 2005) .
The range of fecundity values and mean fecundity of hooded slipper lobster in this study were similar to those values reported for other species of the same genus (see review by Oliveira et al., 2008) . According to these authors, hooded slipper lobster (n=29) had fecundities between 58, 871 and 517, 675 eggs (mean=191, 262 eggs (SD 17, 811) .
Research by Vazzoler (1996) suggested that the early maturity of a species lowers fecundity and increases oocyte size to preserve energy per egg and improve larval survival and reproductive success. This reproductive strategy is evident in Scyllaridae, as seen in the relationship between the mean sizes of lobster species and their gonadal maturation, fecundity, and egg diameter. According to Oliveira et al. (2008) , the species of Ibacus and Thenus showed lower fecundity (13,000-21,000 eggs) and larger egg diameters (1.1-1.2 mm) than the fecundity (90,000-224,000 eggs) and egg diameters (0.60-0.67 mm) of species of Scyllarides. This observation reflects the reproductive strategy in Scyllaridae, which appears to differ depending on the bathymetric distribution of a given species. Species that are coastal, for example, tend to have lower fecundity and larger egg sizes (e.g., the flathead lobster and butterfly fan lobster, according to Courtney et al. [2001] and ) than species that inhabit deeper waters (e.g., the blunt slipper lobster, according DeMartini et al. [2005] , and the hooded slipper lobster, as observed in this study).
Results from our study indicate that females of the hooded slipper lobster reach a larger size (maximum TL) than males (female: 36.0 cm TL; male: 32.6 cm TL), Oliveira et al. (2008) , who observed females that were 36.0 cm TL and males that were 31.0 cm TL. This characteristic is common in the Scyllaridae, but the opposite phenomenon occurs in the Palinuridae and Nephropidae . In our study, the maximum sizes obtained were larger than the 32 cm TL reported by Holthuis (1991) and Spanier and Lavalli (2007) . However, the hooded slipper lobster measured in our study were captured farther southeast in Brazil than were the hooded slipper lobster observed by Holthuis (1991) and Spanier and Lavalli (2007) , and the lobster in our study were caught at maximum sizes that were similar to those of lobster found south of Brazil by Oliveira et al. (2008) .
Those authors also identified 2 migration patterns for the hooded slipper lobster. One of them occurs daily and relates to foraging, and the other is seasonal for the hatching of larvae in shallower water. This latter migration pattern was confirmed in our study because only 4.5% of females were recorded at depths >100 m (area 4), and the remaining females were captured in shallow areas (mean depth <100 m): 27.3%, 63.6%, and 4.5% in areas 1, 2, and 3, respectively. According to information from fishermen in both fleets, each fishing area has the following typical substrate properties (granulometric predominance): area 1=sand, mud, and gravel (calcareous algae); area 2=mud and sand; area 3=sand and gravel; area 4=mud and sand; and area 5=mud and sand. However, Figueiredo and Tessler (2004) report that the substrate varies greatly in microscale and therefore hampers association analyses. In decapod crustaceans, carapace color patterns are a result of hormonal control of chromatotropines (Rao, 1985) , combined with external factors, such as food sources, substrate color, and seasonal and environmental variations (Rao, 1985; Bedini, 2002) . These patterns may also be associated with intrinsic biological factors, such as growth, reproduction, mating, and sexual maturation during ontogeny (Ryan, 1967; Pinheiro and Taddei, 2000) . Analysis of the carapace color patterns of the hooded slipper lobster in this study did not help to identify the reproductive period, timing of molting, or fishing areas for this lobster.
Chromatic changes during the ontogeny of crustaceans have been reported by Abele (1982) and Dalabona et al. (2005) , particularly changes associated with maturation, as observed for other decapods of the genera Callinectes (Baldwin and Johnsen, 2012) and Arenaeus (Pinheiro and Taddei, 2000) . In this study, there was a relationship between the size (TL) of females with red carapaces (range: 16.5-29.0 cm TL; mean; 22.7 cm TL [SD 2.9]) and L 50 (25.3 cm TL), a size that was very similar to the smallest ovigerous female registered in this study (22.5 cm TL). Therefore, it may be that the red chromatic pattern is related to maturation changes for this species, and this relationship should be evaluated in future experiments. The other coloration patterns were observed in lobster with a great range in size (TL) and were common to both sexes, possibly because color changes are more related to the time since molting, microscale substrate type, and trophic ecology of this species. There is a lack of specific studies concerning these influences, however. For species of Scyllaridae, males are smaller than females Oliveira et al., 2008) and become mature at smaller sizes (e.g., Ibacus spp., according to . It is possible that red coloration may be used as an indicator of the chromatic changes in maturing males because the size distribution for this coloration was restricted to the range of 16.0 to 25.5 cm TL, with a mean of 20.4 cm TL (SD 2.7). On the basis of these results, it is likely that the L 50 for males was approximately 23 cm TL, although more detailed analyses are required to confirm this hypothesis.
The reduction in stock sizes of hooded slipper lobster in our study area (see Duarte et al., 2010) presumably was enhanced by the capture of immature females (66.9%) with the 2 fishing methods: 1) trawlers and 2) pots and traps. On the basis of that observation, our research results indicate that the following potential measures could be investigated for the hooded slipper lobster fisheries in southeastern Brazil:1) the use of a minimum landing size of 25 cm TL for this species, regardless of sex, and the release of individuals smaller than this size; 2) the release of ovigerous females immediately after capture to prevent an effect on recruitment; and 3) a closed season for fisheries from August to September, when there is the greatest reproductive activity (proportion of ovigerous females) for this species.
However, because discard mortality can be high in spiny lobsters (Gooding, 1985; O'Malley, 2008) , whether discarding of hooded slipper lobster would be effective for stock protection is uncertain. Nevertheless, Castro et al. (2003) demonstrated the efficacy of releasing caught fish of the genus Nephrops as a management measure. Haddy et al. (2005) and Spanier and Lavalli (2006) suggested that slipper lobsters are more resistant to discard mortality, because of their thicker carapace (Melo, 1999) , and usually return alive to the water. In addition, management actions, such as size limits, release of ovigerous females, and closed seasons were effective management controls for the Panulirus cygnus fishery (Hall and Chubb, 2001) , indicating that such measures could be pertinent for slipper lobster fisheries.
In this study, we examined the life history aspects of the hooded slipper lobster landed as bycatch in 2 fisheries in Brazil. The biometry, reproductive status, and size structure were documented. Our main findings were that maturity was related to the sizes of abdomen (females) and carapace (males); the ovigerous specimens occurred mainly in shallow waters, where fisheries were more intense; and higher numbers of juveniles than of adults were reported by fishing fleets with landings in the study area. In addition, it is possible that the red color of the carapace was related to maturation changes for this species. These results agree with evidence of fishing pressure on the slipper lobster population that was documented in other studies Spanier and Lavalli, 2007; Duarte et al., 2010) .
Nevertheless, further studies are clearly still necessary, especially those that examine the life cycle and other parameters of the current populations of slipper lobsters in Brazil to understand mortality, growth, recruitment, stock identities, and stock levels of the hooded slipper lobster in waters of southeastern Brazil.
